Background: This study investigates the characteristics of a special type of cancer of unknown primary site (CUP, type 2), which is a metastasis of a definite pathological diagnosis without a detectable primary site. Patients and methods: Patients diagnosed between 2004 and 2014 were identified from the Surveillance Epidemiology and End Results (SEER) database. The characteristics of type 2 CUP from different sources were analyzed. For each source of type 2 CUP, tumors of the corresponding T n N 0-X M 1 stage were used as controls. Results: A total of 8505 patients with type 2 CUP were included in this analysis.
| INTRODUCTION
Cancer of unknown primary site (CUP) is the seventh or eighth most common malignancy in various parts of the developed world, and it accounts for 2%-5% of all malignancies and is the fourth most common cause of cancer-related death. 1, 2 A diagnosis of CUP should be limited to patients with histological confirmation of metastatic cancer, in whom a standard diagnostic approach does not reveal a primary tumor. 2 According to the definition, there are still two states. One is that the tissue or organ source cannot be determined by pathological examination of metastatic carcinoma (mostly through autopsy); therefore, there is no primary tumor that can be located by clinical manifestation or imaging examination (Type 1). The other is that the tissue or organ source can be determined by pathological examination of the metastatic carcinoma, although no primary tumor can be detected by clinical manifestation or imaging examination, indicating that the T stage should be defined as T 0 (Type 2). For the sake of differentiation, we classify them as type 1 and type 2, respectively. With the continuous updating and development of diagnostic methods (including pathological diagnosis, imaging | 5873 TAO eT Al. methods and laboratory examinations), Type 1 is expected to be gradually overcome. It can be seen from the definition of CUP that T 0 N 0-X M 1 is type 2 CUP, and the number of patients with this CUP will gradually rise with the continuous improvement in diagnostic and pathological technology and become the predominant type of CUP. A large-scale population-based study investigating the clinical characteristics of type 1 has been reported recently 3 ; however, no report has yet involved type 2 CUP. In the current study, we used the surveillance epidemiology and end results (SEER) database to investigate the clinical presentation of patients with pathologically confirmed metastasis but no identified primary cancer sites (type 2 CUP) in a large population-based study. The aim of the present study was to explore the clinical and prognostic features of type 2 CUP and the characteristics of metastasis from various histological origins.
| METHODS

| Patients
The data for this study were extracted from the SEER-18 registry of the National Cancer Institute. The database is publicly available, and we retrieved the data using SEER*Stat Software Version 8.3.4. Because the SEER database contains deidentified data, this study was exempted from institutional review board oversight. We identified patients diagnosed between 1 January 2004, and 31 December 2014. Patients with type 1 CUP were defined as those patients for whom the primary site was classified as "unknown primary site" (ICD-O-3 code 80.9). T 0 N 0-X M 1 , which is type 2 CUP, was defined as American Joint Committee on Cancer (AJCC) stage (7th edition) 'T 0 ' and 'M 1 ' in the SEER database. For comparison, T n N 0-X M 1 patients were defined as those with stages of "T n " and "M 1 " in the SEER database. Patients with unknown survival data or unknown treatment information were excluded. The characteristics of type 2 CUP from different sources were analyzed. For each source of type 2 CUP, tumors with corresponding T n N 0-X M 1 stages were used as controls.
| Data collection
The following demographic information for each patient was collected: age at diagnosis, year of diagnosis, sex, primary site of tumor, T stage, N stage, M stage, surgical resection of the primary site (yes or no), chemotherapy, marital status, survival months, and vital status. Information on systemic treatment was not provided in the SEER database.
| Statistical analysis
The primary endpoint of this study was overall survival (OS). A chi-square test was utilized to compare the differences in clinical and demographic features between different patient groups. OS was examined using the Kaplan-Meier method with the log-rank test. Multivariable survival analyses of OS were conducted using the Cox proportional hazards model. P < .05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics 22.0 (IBM).
| RESULTS
| Differences between type 1 and type 2 CUP
A total of 76 104 patients with type 1 CUP and 8505 with type 2 CUP were included in the current analysis ( Figure 1A ). Compared with patients with type 1, more patients in the type 2 group were married, older and male and underwent more treatment (surgery, radiation and chemotherapy, all P < .001, Table 1 ). Overall, the prognosis of type 2 CUP is better than that of type 1, and the OS curves are shown in Figure 1B . The median survival time was 1 month (95% CI = 0.97-1.04) for type 1 CUP and 6 months (95% CI = 5.67-6.33) for type 2 (P < .001).
| Characteristics of type 2 CUP
The SEER database collected data on metastasis sites since 2010, and the analysis of type 2 CUP from 2010 to 2014 indicated that among the 4597 patients, liver metastasis occurred in 1368 patients ( Table 2 ). Due to the heterogeneity of the type 2 CUP histological sources, multivariate analysis was not performed. The most common sources of type 2 CUPs are the skin, lung, breast, pancreas, colon and ovary (Table 3 ). Since the most common sites of CUP2 are, in order, liver, lung, bone and brain, we further list the common pathologically confirmed primary sources for CUP2 with metastatic sites of the four organs respectively (Tables 4-7) , which also indicated that skin or lung are the commonest source for CUP2. The survival analysis suggested that the prognoses of type 2 CUP with different sources were significantly different. For example, among the six most common types of tumors, the one with the best prognosis and the one with the worst prognosis were breast cancer and pancreatic cancer, respectively ( Figure  1C ). Therefore, the characteristics of type 2 CUP with different sources were analyzed as follows. For each source of type 2 CUP, tumors with T n N 0-X M 1 stages from the same source were used as controls.
| Skin cancer
Compared with patients with T n N 0-X M 1 , skin cancer patients in the type 2 CUP group (T 0 N 0-X M 1 ) were more often married and white, with lower N stages and more opportunities for surgery and radiation but fewer for chemotherapy (all P < .001, Table S1 ). Patients with type 2 CUP with skin cancer as the source also had a worse prognosis than the T n N 0-X M 1 controls ( Figure S1 ). Multivariate Cox regression analysis revealed that undergoing surgical resection (HR = 2.218, 95% CI = 2.027-2.426) and chemotherapy (HR = 1.241, 95% CI = 1.4134-1.357) was associated with a better OS, and other factors associated with poor OS included a single marital status, age ≥ 65 years, male sex and earlier registration date (2004) (2005) (2006) (2007) (2008) (Table S2 ).
| Lung cancer
Lung cancer patients in the T 0 N 0-X M 1 group (type 2 CUP) were more often married, younger, and white, and they had a lower N stage and more opportunities for treatment (surgery, radiation and chemotherapy, P < .001) when compared with patients in the T n N 0-X M 1 group (Table S3 ). Patients in this type 2 CUP group also had a better prognosis ( Figure S2A ), including after surgical treatment ( Figure  S2B ), compared with the T n N 0-X M 1 group. Multivariate Cox regression analysis revealed that undergoing surgical resection (HR = 1.802, 95% CI = 1.566-2.073), radiation (HR = 1.293, 95% CI = 1.16-1.442) and chemotherapy (HR = 2.399, 95% CI = 2.153-2.674) was associated with a better OS, and the factors associated with poor OS included a single marital status, age ≥ 65 years, white race, male sex, advanced N stage and earlier registration date (2004-2008) (all P < .001, Table S4 ).
| Breast cancer
Similarly, breast cancer patients with T 0 N 0-X M 1 (type 2 CUP) were more often married, older, and white, and they had a lower N stage and more opportunities for surgery but fewer for radiation and chemotherapy (P < .001, Table S5 ). Patients in this type 2 CUP group also had a better prognosis compared with the corresponding T n N 0-X M 1 patients ( Figure S3A ), although the difference was not significant after surgical treatment ( Figure S3B ). Multivariate Cox regression analysis revealed that undergoing surgical resection (HR = 1.408, 95% CI = 1.087-1.825) was associated with a better OS, and the factors associated with a poor OS included a single marital status and earlier registration date (2004-2008) (P < .001, Table S6 ).
| Pancreatic cancer
Pancreatic cancer is one of the most malignant cancers. Pancreatic cancer patients with T 0 N 0-X M 1 (type 2 CUP) were more often white, with a lower N stage and more opportunities for surgery (P < .001) when compared with the corresponding patients with T n N 0-X M 1 (Table S7) . Unlike other cancers, patients with type 2 CUP sourced from pancreatic cancer showed no difference in prognosis compared with those in the corresponding T n N 0-X M 1 group ( S4A). Moreover, this type of type 2 CUP may result in a worse prognosis after surgery than T n N 0-X M 1 (Figure S4B ). Multivariate Cox regression analysis indicated that undergoing chemotherapy (HR = 2.438, 95% CI = 2.013-2.954) was associated with a better OS, and the factors associated with a poor OS included age ≥ 65 years and male sex (all P < .001, Table S8 ).
| Colon cancer
Colon cancer is the most common gastrointestinal malignancy; colon cancer patients with type 2 CUP were more often older, with a greater chance of being diagnosed recently (2009-2014), a lower N stage and fewer opportunities for radiation (P < .001) when compared with the patients in the corresponding T n N 0-X M 1 group (Table S9) . Patients with this type of type 2 CUP also had a better prognosis than the patients in the corresponding T n N 0-X M 1 group (Figure S5A) , although that difference was no longer significant after surgical treatment ( Figure S5B ). Multivariate Cox regression analysis indicated that undergoing surgical resection (HR = 2.985, 95% CI = 2.118-4.206) and chemotherapy (HR = 2.495, 95% CI = 2.003-3.109) was associated with a better OS, and the factors associated with a poor OS included age ≥ 65 years and an earlier registration date (2004-2008) (all P < .001, Table S10 ).
| Ovarian cancer
Unlike in other cancers, compared with patients in the T n N 0-X M 1 group, ovarian cancer patients in the T 0 N 0-X M 1 group (type 2 CUP) were more often unmarried and older, were diagnosed in more recent years (2009-2014), had a lower N stage and had more opportunities for radiation but fewer for surgery and chemotherapy (P < .001, Table S11 ). Patients in this type 2 CUP group had a worse prognosis than the patients in the corresponding T n N 0-X M 1 group ( Figure S6A ), although the difference was not significant after surgical treatment ( Figure S6B ). Multivariate Cox regression analysis revealed that undergoing chemotherapy (HR = 3.101, 95% CI = 2.333-1.123) but not surgical resection or radiation was associated with a better OS, and age ≥ 65 years was associated with a poor OS (all P < .001, Table S12 ).
| Prostate cancer
Prostate cancer patients with type 2 CUP were older than those in the T n N 0-X M 1 group and also had a greater chance of being diagnosed recently (2009-2014), a lower N stage and more opportunities for surgical treatment (P < .001, Table  S13 ). Patients with this type of type 2 CUP also had a worse prognosis than the patients in the corresponding T n N 0-X M 1 group (Figure S7A ), although the difference was not significant after surgical treatment ( Figure S7B ). Multivariate Cox regression analysis revealed that undergoing surgical resection (HR = 2.262, 95% CI = 1.21-4.23) was associated with a better OS, and age ≥ 65 years was associated with a poor OS (P < .001, Table S14 ).
| Kidney cancer
Compared with patients in the T n N 0-X M 1 group, kidney cancer patients in the T 0 N 0-X M 1 group (type 2 CUP) had a lower N stage, were diagnosed more recently (2009-2014) and had more opportunities for surgery (P < .001, Table S15 ). Compared with T n N 0-X M 1 patients, the type 2 CUP group had a worse prognosis ( Figure S8A ), even after surgery ( Figure  S8B) . Multivariate Cox regression analysis demonstrated that age ≥ 65 years was associated with a poor OS (P < .001, Table S16 ).
| Testicular cancer
Like most other patients with type 2 CUP, testicular cancer patients with type 2 CUP were more often married and older with advanced N stages and more opportunities for surgery and radiation (P < .001, Table S17 ). Patients with this type of type 2 CUP also had a worse prognosis than the patients in the corresponding T n N 0-X M 1 group (Figure S9A ), although the difference was not significant after surgery ( Figure S9B ). Multivariate Cox regression analysis revealed that undergoing surgical resection (HR = 2.856, 95% CI = 1.211-6.736) was associated with a better OS (P < .001, Table S18 ).
| Biliary tract cancer
Compared with patients in the T n N 0-X M 1 group, biliary tract cancer patients in the T 0 N 0-X M 1 group (type 2 CUP) had a lower N stage (Table S19 ). The prognosis was similar between the two groups, regardless of surgery ( Figure S10A,B) . Multivariate Cox regression analysis showed that undergoing chemotherapy (HR = 3.123, 95% CI = 1.882-5.182) was associated with a better OS (P < .001, Table S20 ).
| Stomach cancer
Stomach cancer patients with type 2 CUP had a lower N stage than those with T n N 0-X M 1 (Table S21) , although the prognosis was similar between the two groups, regardless of whether surgery was performed ( Figure S11A,B) . Multivariate Cox regression analysis indicated that undergoing chemotherapy (HR = 1.983, 95% CI = 1.112-3.539) was associated with a better OS (P < .001, Table S22 ).
| DISCUSSION
CUP is recognized as being a heterogeneous entity with a wide variety of presentations and is usually characterized by aggressive or unpredictable behavior and a poor prognosis. 4 Our study describes a special type of CUP (type 2), in which the pathologically confirmed metastasis can be identified but not the primary cancer site. Our results show an increasing trend in the incidence of type 2 CUP and a decreasing trend in the incidence of classic CUP (type 1). The inability to detect the primary sites of type 1 CUP may have been due to the limitations of the pathological techniques at the time. It has been indicated that the primary anatomical sites in patients with CUP are identified in approximately 75% of postmortem examinations, and most are less than 1 cm in size. 5 With the development of pathological technology, some metastases that used to be classified as type 1 CUP are now classified as type 2. Therefore, the number of type 1 CUPs has decreased, and the number of type 2 CUPs has increased. There are many similarities between these two types of CUP, and the most common sites of metastasis in type 2 CUP are, in order, the liver, lung, bone and brain, which is similar to the findings in type 1 CUP 2 ; however, our study shows that patients with type 2 CUP have many differences compared with patients with type 1 CUP, such as marital status, sex, age and the frequency with which they undergo treatment, and it is worth emphasizing that patients with type 2 CUP have a much better prognosis than those with type 1. Therefore, it is important to detect the characteristics of type 2 CUP. The primary sites of type 2 CUP, in order from most to least common, are the skin, lung, breast, pancreas, colon, and ovary. Despite some differences, the majority of metastatic lesions of type 2 CUP in the liver and lungs were originated from the skin and lungs. Although our analysis shows that many clinical factors may influence the prognosis of type 2 CUP, including treatment methods, such as surgery and chemotherapy, other factors such as marital status, age, sex, N stage, and registration time are also involved. However, there are considerable differences among the prognoses of these patients; for example, type 2 CUP originating from breast cancer has the best prognosis, while that originating from the pancreas has the worst prognosis. These results are in agreement with those of a previous study. 6 Therefore, to detect the specific role of each source cancer of type 2 CUP, the corresponding T n N 0-X M 1 group was used as the control.
Patients with type 2 CUPs originating from the skin, lung, breast, and testis have a greater chance of being married, which may be because married people are concerned about their spouses. Tn stage cancer with detectable primary sites will be treated at an early stage. Only those without a primary tumor may have the chance to develop an advanced stage with metastasis. For the same reason, married persons with type 2 CUPs originating in the skin, lung, and breast have a better prognosis than unmarried persons, and such results are in agreement with those of previous studies. [7] [8] [9] [10] [11] However, compared with the corresponding T n N 0-X M 1 group, patients with type 2 CUP originating from the ovary tend to be unmarried, which may be explained by the influence of the estrogen level. 12 Younger individuals more often develop metastases with detectable primary sites (T n N 0-X M 1 ) originating from the breast, colon, ovary, prostate and testis, which may be explained by the relatively healthy condition and strong immune system of these patients prohibiting early metastasis. This can also explain the better prognosis of younger patients with type 2 CUP originating from the skin, lung, pancreas, colon, ovary, prostate gland and kidney. However, with regard to type 2 CUP originating from the lung cancer, older patients tend to develop metastasis without a primary site, which may be because the older patients are more likely to be undergoing routine clinical examinations. It has been suggested that a routine clinical examination will help to diagnose cancer at an early and treatable stage. 13 Therefore, cancer with identifiable primary sites will receive early treatment, and only those without primary sites will have the chance to develop metastases.
For type 2 CUP originating from the skin, lung, breast and pancreas, white individuals more often develop metastases without primary sites, which may be due to the greater attention paid to their health status, and Tn stage tumors are less likely to develop metastases. The survival analysis indicated that among patients with type 2 CUP originating from the lung, white individuals tend to have a better prognosis than other individuals, which is in agreement with the findings of a previous study. 14 Reviews suggest that the reasons for the wide racial disparities in lung cancer survival are complex and multifactorial, with contributions from treatment-related factors, such as physician-patient encounters and decisionmaking, and barriers to access to high-quality care, such as lower patient income or insurance coverage limits. [15] [16] [17] A sex-based difference was only detected in lung cancer, and male patients were more likely to develop type 2 CUP. This may be due to the more widespread smoking habit among men. The survival analysis showed that among patients with type 2 CUP originating from the skin and lung, male patients had a worse prognosis, which may be explained by less attention paid to their health. Therefore, it is reasonable that females have a better prognosis than males. Female sex has already proved to be a favorable prognostic factor for lung cancer. 18 There are limited reports about the effect of sex on prognosis in patients with skin cancer; however, a strong protective effect of female sex against mortality has been confirmed in patients with skin melanoma. 19 The number of patients with later registration dates who were diagnosed with type 2 CUP originating from the lung, colon, ovary, prostate gland and kidney was much higher than in the corresponding T n N 0-X M 1 group, which may be due to the development of diagnostic technology. This can also explain why patients with type 2 CUP originating from the skin and lung with later registration dates also have a better prognosis than before. Our results are consistent with those of other reports on lung cancer, 14 which may be due to advances in medical treatment.
Most type 2 CUPs have a lower N stage, which was true of almost all the 11 cancers we studied (except prostate cancer). Such results may be due to the stronger invasion and metastatic potential of type 2 CUPs, which may develop metastases at a very early T stage. Negative lymph node metastasis indicates a better prognosis of type 2 CUP originating from the lung. This result is consistent with the results of previous studies. 20, 21 Surgical treatment of metastases was performed more for type 2 CUPs originating from the skin, lung, pancreas, prostate gland, kidney, testis and stomach, which may be because such treatment provides a greater chance to obtain a radical excision of the cancer after the resection of the metastases. However, this situation was the opposite in ovarian cancer, which may be because the control of the estrogen level has more therapeutic value than surgery for metastases. 22, 23 Surgical treatment of metastases is an effective measure for type 2 CUP originating from the skin, lung, breast and testis. This is because the resection of metastases means a radical removal of type 2 CUP. Therefore, for type 2 CUPs originating from the skin, lung, breast and testis, surgery is highly recommended. The surgical resection of metastases may also be effective for some other type 2 CUPs. Our study did not reach such a conclusion, possibly because of the small number of patients. Interestingly, type 2 CUPs originating from
